ABSTRACT
INTRODUCTION
Purification of DNA from peripheral blood or other tissues is both timeconsuming and expensive. Genetic analyses of human traits often require large study populations, and extraction of DNA can become the rate-limiting step. Furthermore, archive material from study subjects is often only available in the form of frozen serum samples. A simple method that allows genetic analysis of DNA from serum would enable researchers to utilize stored sera for genetic studies. Previous studies have shown that DNA can be extracted from serum for use as a template for the polymerase chain reaction (PCR) (3, 4) . Microwave irradiation has been used to inactivate PCR inhibitors in serum for detection of viral DNA (1, 2) and to perform PCR on blood and hair shafts (5) .
Here we report a simple, inexpensive procedure to perform PCR of genomic DNA by using microwave-irradiated serum as a template.
MATERIALS AND METHODS

Preparation of Template DNA by Microwave Irradiation
Nine hundred and forty-five human serum samples were obtained by centrifugation of clotted whole blood and were stored at -70°C. A 5-µ L aliquot of serum was added to a well of a 96-well polycarbonate plate and was overlaid with 40 µ L mineral oil. The plate was placed in a microwave oven (Emersen MW8625WC/600 W) and was subjected to microwave irradiation on high power. To confirm genotyping results obtained from serum samples, DNA was extracted from 15 of the same individuals using a sample of peripheral whole blood by standard techniques (6) .
PCR Amplification of Genomic DNA
After irradiation, samples were placed on ice, and 35 µ L of reaction mixture were added to give final concentrations of 1 µ M each primer, 0. Oligonucleotide Sequence primers used for PCR were from the CC-chemokine receptor 5 ( CCR-5 ), α 1 -antitrypsin ( α 1 -AT ) and β 2 -adrenergic receptor ( β 2 -AR ) genes, and they are listed in Table 1 . Amplification was 40 cycles of 30 s at 94°C, 30 s at 59°C and 45 s at 72°C, followed by a final extension at 72°C for 2 min. PCR products were resolved on either 2% or 3% agarose gels stained with ethidium bromide. Amplification of purified DNA was performed as described above with the following modifications: 20 µ L total volume, 1.5 mM MgCl 2 , 0.1 U Ultra Therm DNA Polymerase for 35 cycles. The template for each reaction was 100 ng of genomic DNA.
RESULTS AND DISCUSSION
PCR was performed on 5 µ L of serum using primers from the α 1 -AT gene following varying amounts of exposure to microwave irradiation. As shown in Figure 1 , we were unable to amplify DNA without at least 3 min of irradiation. Amplification efficiency was slightly reduced by longer periods of irradiation. A 3-min exposure to microwaves corresponds to the time taken for the serum proteins to form a precipitate and may remove inhibitors from the liquid phase. The amplification was not dependent on the presence of (NH 4 ) 2 SO 4 and Tween 20 and worked equally well with 20 mM Tris-HCl (pH 8.4) and 50 mM KCl as the PCR buffer.
We performed PCR on a serum sample with a variety of primer pairs to determine the size of DNA fragment that could be amplified. Figure 2 shows PCR of a 5-µ L sample of serum which was microwaved for 5 min before amplification. We were able to reliably amplify a 311-bp fragment, and a faint 442-bp band from the β 2 -ARgene was also produced. We were unable to produce larger PCR fragments, even with extension times up to 2 min for each cycle.
The sera stored in laboratory archives is a potentially useful resource for analysis of genetic polymorphisms that may affect disease processes. Therefore, we assessed the reliability of genotyping results obtained from serum samples by comparing them to genotyping from purified DNA from the same individuals. Figure 3 shows the results of genotyping 15 individuals using both serum and purified DNA as a template for PCR. We amplified a region of the CCR-5gene, which contains a 32-bp deletion polymorphism. The results show that the same genotypic data were obtained from the microwaved serum and purified DNA. In a study of 945 individuals genotyped from serum for the CCR-5polymor -phism, we were unable to amplify a fragment from only 21 samples. This may have been due to lack of DNA or the presence of inhibitors. However, these samples did not inhibit the reaction when mixed with serum that had successfully been used as a template for PCR. This suggested that these samples did not contain inhibitors and failed to amplify because they lacked template DNA. We were able to amplify DNA from serum samples that had been stored up to 15 years. There was no apparent correlation between the length of storage and the efficiency of amplification.
The simplicity of this method should facilitate the genetic analysis of large populations. In addition, many collections of clinical material may only consist of serum samples, and this technique will allow genetic analysis of such specimens.
INTRODUCTION
Nonradioactive labeling of DNA is typically based on the enzymatic incorporation of modified nucleotides, carrying a small chemical moiety such as biotin, digoxigenin or fluorescein. These tags are subsequently detected by specific reagents such as streptavidin or a specific antibody coupled to a signal-producing enzyme. Although very efficient and reliable, labeling by in vitro polymerization is time-consuming, expensive and may require various post-label purification steps to remove an excess of unincorporated precursors. Here we present an alternative strategy for DNA labeling, based on the UV-induced formation of thymine dimers and the detection of these photoproducts by specific antibodies.
The use of anti-thymine dimer antibodies for the detection of DNA probes has been reported previously (3, 4) . However, the low affinity and specificity associated with polyclonal antibodies limited their practical use. Here, we have extended these studies using monoclonal antibodies (MAbs) specific for the (5 ′ -6 ′) cyclobutane type of thymine dimers, which can be produced specifically using moderate doses of 312-nm light in the presence of acetone or acetophenone (10). The antibodies have no detectable affinity for nonirradiated DNA, and an irradiated probe will easily allow detection of a single copy gene in small to mediumsized genomes.
MATERIALS AND METHODS
Anti-Thymine Dimer MAb
The isolation of an anti-thymine dimer specific MAb (H3) has been described previously (7). The antibodies were prepared and affinity-purified according to Roza et al. (7) and conjugated to horseradish peroxidase (HRP) by a method developed at Amdex A/S (Copenhagen, Denmark) (9).
DNA Material
Double-stranded (ds) DNA from phage φ X174 and genomic RNA from Brome mosaic virus were obtained from Promega (Madison, WI, USA), while single-stranded (ss) φ X174 DNA was from Life Technologies (Gaithersburg, MD, USA). Chromosomal DNA of the bacterial strains C-1a (C wild- 
